The world is faced with a lot of challenges including lack of sustainable development and inability to feed its growing population leading to malnutrition. The issue of accessing high quality nutritious foods such as fruits has become a major challenge for many African people. Papaya (Carica papaya L.) is among the most popular fruits grown in Kenya and excellent in nutritional content. However, its potential has remained unexploited due to inadequate quality planting materials, high post-harvest losses and prevalence of pests and diseases. Researchers at Jomo Kenyatta University of Agriculture and Technology developed promising papaya hybrids whose physicochemical, nutritional content and sensory characteristics have not been evaluated. Thus, the aim of this study was to determine the physicochemical, nutritional content and sensory quality characteristics of the new papaya hybrids and their control, Sunrise Solo. The physicochemical attributes evaluated included; total soluble solids, total titratable acid, pH and total soluble solid/total titrable acid ratio. While the nutritional content evaluated included (Vitamin C and β-carotene content) and sensory quality characteristics were evaluated. The standard AOAC methods was used to determine nutritional content and an effective analysis with 9-point hedonic scale was used on sensory evaluation. There was significant difference (P< 0.05) in nutritional content of new hybrids papaya fruits and Sunrise solo. The maximum and minimum Vitamin C content of 131.63 mg/100g and 52mg/100g were exhibited by line 6 and 8 respectively. β-carotene content ranged between 1.69 and 3.39 mg/100g as exhibited by line 1 and lines 2 and 8 respectively. The findings of this study revealed that the nutritional content of the new papaya hybrids exceeded the one of Sunrise Solo while their sensory quality characteristics compared favourably to the one of Sunrise Solo. Based on these findings, lines 1, 2,5,6,7 can be recommended for commercialization.
Introduction
The world is faced with a lot of challenges including lack of sustainable development and inability to feed its growing population leading to malnutrition (FAO, 2010) . The population has been arising tremendously despite the stagnation in its food production (Godfray et al., 2010) . The number of undernourished people in 2016 worldwide increased to an estimated 815 million up from 777 million in 2015, and the sub-Sahara Africa (SSA) remains the region with the highest prevalence of undernourishment (PoU) affecting 22.7% of its population in 2016 (FAO et al., 2017) . The latest estimate for 2016 indicated that 155 million people below five years across the world were suffering from stunted growth, which may expose them to high risk of illness and poor cognitive skills (FAO et al., 2017) . WHO (2003) that the world's demand for fruits will continue to increase in line with population expansion, rising standard of living, the awareness of the health benefits of fruits and up to 2.7 million lives could be saved annually with sufficient fruits and vegetables consumption (WHO, 2003) . It was reported that development of fruits sector in developing countries has a positive impact on food and nutrition security and the households with fruits cultivation appear to have less nutrition-related health problems (Joosten et al., 2015) . The strong growth rates in fruit cultivation and faster growing agricultural sub sector have been recorded in food-insecure and low-income regions such as SSA and Asia (Deribe and Mintesnot, 2016) .
In Kenya, the most grown fruits are Banana, pineapples, Avocado, Papaya, Oranges, water melon, passion fruits and tamarillo and contribute 27% of total value of horticultural produce on Kenyan gross domestic product (HCD, 2016) . There is potential for fruits growth due to the increasing demand both in domestic and export. However, the potential of the most fruits remain unexploited due to low adoption of modern technologies, inadequate quality planting materials, high post-harvest losses and prevalence of pests and diseases (HCD, 2016) . Papaya (Carica papaya L.) is one of the tropical fruits with important antioxidant properties and also in great demand in international market (Laura et al.,2010) . It is among the most popular fruits grown in Kenya. The recent ranking of fruits contribution to the Kenyan Gross domestic product (GDP), Papaya was ranked as the 6 th fruit of importance contributing 4% of the fruit's subsector (HCD, 2016) . Regardless of income generation from papaya fruits, Rahman (2013) reported various benefits of papaya including, protection against heart diseases, promotes digestive health, anti-inflammatory effects, immune support, protection against macular degeneration, protection against rheumatoid arthritis, wound healing property and many industrial applications. Among papaya's distinguished nutritional characteristics, high levels of Vitamin A and C were reported, as well as being excellent source of sugars; glucose, fructose and sucrose compose a total of up to 13% of fresh fruits weight (de Oliveira & Vitória, 2011) .
The major challenges of papaya fruits production in Kenya as reported by (HCD, 2016) , are lack of quality planting materials, low productivity, insect pests and diseases and lack of papaya seed producers. Researchers at Jomo Kenyatta University of Agriculture and Technology (JKUAT) developed new papaya hybrids from selection and cross pollination of different germplasms collected all over the country and Sunrise Solo (Rimberia et al.,2018) . However, their physicochemical, nutritional content and sensory quality characteristics have not been evaluated in order to ensure their potential for commercialization. Thus the aim of this study was to determine physicochemical, nutritional content and sensory quality characteristics of the new papaya hybrids.
Material and Methods

Papaya Fruits used for this Study
Eight new papaya hybrids and Sunrise solo fruits ( Figure. 1) were collected from JKUAT research farm situated in Juja (1º5′ 29′′ S, 37º 0′39′′ E and 1521.3 meters above sea level), 36 kilometers northeast of Nairobi, Kenya 
Experimental Design
The experiment consisted of randomized complete blocks design with nine treatments (eight new papaya hybrid lines and Sunrise solo) replicated three times. The Sunrise solo is among the most commercially available variety grown in Kenya and it was used as one of the parental line during the development of these new papaya hybrids. Therefore, in this experiment it was used as the control. In each replication, one plant was selected randomly for each hybrid line and ten fruits were harvested from it at colour break stage for analysis. The papaya fruits were collected and evaluated between December, 2017 and February, 2018 from 11 months old female plants.
Chemical Reagents
Phenolphthalein indicator, sodium hydroxide, standard ascorbic acid, Dichlorophenol indophenols (DCIPIP), Trichloroacetic acid (TCA), acetone, Petroleum Spirit, Anhydrous sodium sulphate and Silica gel of analytical grade were purchased from Lab link Supplies Nairobi
Physicochemical and Vitamins Analysis
Total Soluble Solid Content (TSS)
TSS content was determined as described by Mitcham et al. (1996) .The % brix was determined using an Atago hand refractometer (Model RX5000, Atago CO.LTD, Tokyo, Japan). A drop of homogenized papaya fruit juice was placed on cleaned prism of refractometer's prism, which had been calibrated and the lid closed. The TSS content was then read on a scale of the refractometer at 20º C ± 1 when held close to the eye. Between each reading, the refractometer was cleaned with distilled water and wiped with tissue paper.
pH
This was measured with a pH-meter (Hanna, HI 2211 pH/ORP meter) at ambient temperatures (± 23º c). The standardization of pH-meter with pH buffer solutions of 4.0 was done, the electrode was rinsed by distilled water and then standardized using the alkaline buffer solution of 9.18. Then the pH of the papaya fruits was measured.
Total Titratable Acidity Content (TTA)
The papaya fruits were homogenized using mortar and pestle to extract the juice. 0.3 ml of phenolphthalein indicator was added to 10 ml of clear juice of papaya fruits diluted by deionized water. The solution was then titrated against 0.1N sodium hydroxide to a permanent pink colour and the results were expressed as a percentage of citric acid which is the main organic acid in papaya fruits as previously described by Mitcham et al (1996) . The following formula was used. TA= (ml NaOH × N (NaOH) × acid meq.factor ×100) /ml juice titrated (1)
Ascorbic Acid (Vitamin C) Content
This was determined by using 2, 6-dichlorophenol indophenols titration methods as described in (AOAC, 1996) . Five grams of papaya fruit pulp was diluted with 10% Trichloacetic acid (TCA) in volumetric flask up to 100ml. 10 ml of diluted solution was titrated with 2, 6-Dichlophenolindophenol up to the pink colour. Percentage of ascorbic acid was calculated using the following formula.
Where A= Volume in ml of indophenol solution used in the sample B= Volume in ml of indophenol solution used for blank C= Mass in mg of ascorbic acid equivalent to 1ml of standard indophenol solution.
S= Weight of the sample taken (g) 100/10= the total extraction volume/Volume of titrated sample 2.4.5 β-carotene Content (Provitamin A)
Determination of β-carotene was done using UV-VIS Spectrophotometer. Exactly 5g of the sample was ground in mortar with pestle and gradual extraction was done with Cold Acetone up to 50 ml. After transferring the extract into 50 ml volumetric flask using a glass funnel plugged with a small cotton wool, the sample was filtered and the residue was washed with cold acetone until devoid of colour. The partitioning with petroleum spirit was then performed after which sample was measured at 450 nm UV-Vis-spectrophotometer.
Sensory Evaluation
Sensory evaluation of the full ripe fruits samples under study was done using the 9-point hedonic scale (Lawless & Heymann, 2010) . The papaya pulp was separated from the skin and the seeds by knife and spoon, sliced and served to a panel of 30 members comprising staffs and students of JKUAT, belonging to the department of Horticulture and food security. Appearance, aroma, taste and sweetness were evaluated using a 9-hedonic point ,where (1= Dislike extremely; 2 = Dislike it very much. 3 = Dislike moderately; 4 = Dislike it; 5 = Neither like it nor dislike it. 6 = Like it; 7 = Like it moderately; 8 = Like it very much; 9 = Like it extremely).
Statistical Analysis
Data were subjected to a one way analysis of variance using GenStat software 14 th edition to assess any differences between commercialized hybrid (Sunrise Solo) and the newly developed hybrid lines. Statistical significance was determined at 0.05 and means were separated by the Duncan Multiple Range test.
Result and Discussion
Physicochemical and Vitamins Content
The results of physicochemical and vitamin content are shown in Table 1 . 11.8 12 The data are expressed as means ± standard error of the mean and the treatments means followed by the same letters in the same column are not significantly different (p≤ 0.05) (Zare, Orsat, & Boye, 2015) 3.1.1 Total Soluble Solids Content TSS of new papaya hybrid fruits ranged from 7.4 in line 8 to 12.3 % in lines 5 and 7. These results indicated that the new papaya hybrids could be used as dessert without any additive, and the hybrids with low TSS content could be used in the processing industry with sugar addition where necessary. This range obtained is greater compared to the range of 10.5 -11.5% and 5.4-9.6% reported by previous researchers (Martin et al., 2011; Sancho et al., 2010) . The results are in the range with the findings of (Fuggate et al., 2010; Schweiggert et al., 2012) , which were 8-11.7% and 8.8-13.5 % respectively. The wide variation in TSS content indicated that Lines 2, 5, and 7 have high sugar content that is more than the minimum of 11.5% required for papaya fruits. These hybrids lines are recommended for dessert consumption. The hybrids having the brix level lower than the minimum required, could be recommended for processing industry.
pH
pH ranged from 5.3 in lines 6, 8 to 5.6 in line 2. There was significant difference (P< 0.05) in pH, between new papaya hybrids fruits pH and Sunrise Solo. The value of new papaya hybrids fruits pulp's pH obtained in this study were comparable to (5.3-5.5; 5.1-5.5 and 4.9-5.4) reported by previous researchers respectively ( Emilie et al., 2005 ; Imungi & Wabule, 1990; Schweiggert et al., 2012) .
pH plays an important role in flavour promotion and preservation of fruit pulp ( Okoth et al., 2013) . Low acid food products are characterized by pH value greater than 4.6 and less than 7.These products can be challenged by microorganism grow and multiplication, as well as bacteria's spore germination which result into product spoilage (Bockelmann and Von, 1998) . Based on the findings of this study, both new papaya hybrids and Sunrise Solo felt into low acid class and careful handling and treatment should be adopted in order to reduce microorganism growth and spoilage.
Total Titratable Acid (TTA)
Among all evaluated papaya fruits, Line 2 had the lowest TTA of 0.07 while the highest (0.19) was recorded in Line 8. Acidity in fruits is an important factor in determining maturity, it gives the total or potential acidity, rather than indicating the number of free protons in any particular sample. It is measure of all aggregate acids and sum of all volatile and fixed acids. The findings are not far from the range of (0.07 to 0.14) reported by(O.N. de Jesus, J.P.X. de Freitas, 2013) and 0.09 to 0.019 obtained by (Schweiggert et al., 2012) on papaya fruits. The fruits acidity is determined by the type of organic acids it contains, the most predominant organic acid in papaya is citric acid. Citric acid accumulates during the second stage of development and during maturation, it generally decreases (Monselise, 1986) . The reduction of the acidity associated to postharvest ripening has been attributed to the fact that organic acids are substrates for respiratory metabolism in detached products (Dí az-Mula, 2011) . Thus the acidity in all evaluated papaya fruits was very low.
TSS/TTA
The mean TSS/TTA was maximum (163.6) in line 2 while the minimum (53.7) was recorded in Line 8. The ratio of TSS/TTA gives information on sugar/acid ratio balance in fruits. The high values above 100 observed in some hybrids lines were due to the typically low TTA levels and normal levels of TSS (Imungi and Wabule, 1990) . The TSS/TTA ratio can be influenced by fruit variety and stage of ripeness. Since all evaluated hybrids were collected at the same stage of ripening, the significance difference observed in sugar/acid ratio could be due to varietal difference. The high value of TSS/TTA ratio in papaya fruits have been noted by previous researchers (Imungi and Wabule, 1990; Schweiggert et al., 2012) .
Vitamin C (Ascorbic Acid) Content
There was significant difference (P<0.05) among the vitamin C value of new papaya hybrids and Sunrise Solo.
The maximum vitamin C of 131.6 mg/100g was recorded in line 6 while the least of 51 mg/100g was recorded in line 8. The findings were comparable to those reported for papayas grown elsewhere such as 79-145mg/ 100g and 33-118mg/100g (Imungi & Wabule, 1990 ; Bello and Enidiok, 2017) respectively. However, the levels of vitamin C founded in this study was greater than the range of 45.95-73.2mg/100 and 24.9-72.9 mg/100g reported by (Manu et al., 2016; Schweiggert et al., 2012) .
Vitamin C functions physiologically as a water-soluble antioxidant by virtue of its high reducing power. To provide antioxidant protection, the recommended dietary allowance (RDA) for adults for vitamin C is at 75mg/day for female and 90mg/day for male (Institute of Medicine, 2000) . So far The DRA is defined as the average dietary intake level that is sufficient to meet the nutrient requirement of nearly (97-98%) health individuals in a particular life stage and gender group (Food and nutrition Board, 2000) . Based on the findings of this study, we can conclude that new papaya hybrids can contribute to more than the DRA in vitamin C content.
β-carotene Content (Vitamin A)
The new papaya hybrids and Sunrise Solo varied significantly (P<0.05) in their beta carotene content (Table 1) . The maximum was 3.39 mg/100g exhibited by lines 2 and 8, while the lowest recorded was 1.69 mg/100g exhibited by line 1. These values are greater than the range of 0.4-2.3 mg/100g reported by (Imungi & Wabule, 1990) while working on Kenyan papaya varieties. Consumption of papaya fruit is recommended for preventing vitamin A deficiency, a cause of childhood blindness in tropical and subtropical countries (Aikpokpodion, 2012) . The new papaya hybrids are promising in reducing the prevalence of Vitamin A deficiency.
Sensory Quality Characteristics of the New Papaya Hybrids Ripe Fruits
Tables 2. Sensory quality characteristic of the new papaya hybrids fruits
Treatment
Appearance Aroma Taste Sweetness Sunrise solo 7 ± 0.16 2 was scored to be very much liked based on its sweetness.
The consumers buy fruits based on appearance and feel their satisfaction. Likelihood frequency of buying the fruits again depends on their perception of good eating quality (Kader, 2000) . The fruits produce a range of volatile compound that make up theirs characteristic aroma and contributes to their flavour. Many of factors affect volatiles composition include the genetic makeup, degree of maturity, environmental conditions, postharvest handling and storage (El Hadi et al., 2013) . Since all papaya fruits were grown in the same environmental conditions and harvested at the same maturity stage, the difference observed among them can be attributed to the genetic makeup.
Conclusion
This study showed that newly developed papaya hybrids fruits had superior nutritional content and Sensory quality characteristics. These findings will assist the breeders in selection of most performing papaya hybrids for commercialization and further improvement based on not only high yielding or resistance but also on nutritional and sensory potential. This study revealed that the nutritional content of the new papaya hybrids exceeded the one of Sunrise Solo while their sensory quality characteristics compared favourably to the one of Sunrise Solo. Based on these findings, lines 1, 2,5,6,7 are recommended for commercialization. The result of this study will contribute to increased fruits consumption, resulting in healthier and decreased micronutrient deficiency prevalence and gradual reduction of diseases resulting from lack of diversified diets.
